


WHEAT STEM SAWFELY PARASITOID REDISTRIBUTION AND
MONITORING - MWBC

David Weaver — Lead P.I.

Grant Overview: This is a long term project that has been funded annually since 2005-
2006. Parasitoids are natural enemies of the wheat stem sawfly and they kill the
developing larvae while feeding in the stems. The project focuses on monitoring
population fluctuations in grower fields impacted by sawfly. Each field research site
received an initial inoculation of 500 females. Sites were established in 2003 and 2005,
for a total of 14 fields throughout the State. The overall goal is to determine how grower
practices and environmental patterns impact natural enemy effectiveness. A small
group of County Extension personnel have received training in parasitoid monitoring.
Recently, the project has also included the collection of a set of additional parasitoids
for redistribution by County Extension Personnel, with a target of greater than ten new
fields each year.

Grant Accomplishments: Research from our laboratory has shown that parasitoids
not only have the potential to reduce sawfly populations in subsequent years, but also
eliminate potential yield loss in infested stems by killing the larvae. Most fields receiving
parasitoids have seen some decreases in sawfly cutting, but these can be negated by
specific grower rotations or major environmental impacts (hail or drought reducing the
growing season). Grower interest has been stimulated significantly and can be
measured by the increased efforts now underway to facilitate more redistribution of
parasitoids by County Extension personnel.

Grant Connections (over time, within this project): The project has evolved in
scope. Initially, this project began as a long term research project and has progressed
to: 1) also include additional redistribution, plus the training of a small group of County
Extension personnel to monitor parasitoid establishment at the new sites they
established through local scouting; 2) the current format in which long term population
monitoring research by our laboratory is complemented by the collection and processing
of large volumes of parasitoid containing material that is redistributed by a greater
number of Extension personnel, without monitoring. Initial efforts leading to this project
were Federally-funded by Special Research Grants, and matching funds for the 2005-
2006 effort were from the same source.

Financial Overview:

Grant 4W0534 4W1148 4W1652 **AW2217
Year 05-06 06-07 07-08 08-09

Salary + Benefits 1.87 15709.02 29005.98 19035.68
Operations + Travel 998.13 17290.98 3994.02 13964.32
Total 1,000.00 33,000.00 33,000.00 33,000.00




** 08-09 total expenditures not final.
Financial Narrative:

In 2005- 2006, new redistribution and monitoring sites were established in seven new
farmers fields. The funds provided supported travel to the sites and supplies associated
with collection of the parasitoids.

In 2006-2007, the original request was made for $23,000 to monitor the 14 sites that
had received parasitoids in either 2003 or 2005. However, the MWBC requested
amending the project to “Catalyze Implementation via Extension”. An additional $10,000
was distributed to five County Agents to each locate two fields in their County for
redistribution, set up monitoring grids, receive samples, training in Bozeman, and
process samples from the field during the off-season to assess establishment success
of the parasitoids, as per our established protocol. Salaries and benefits were for
undergraduate student labor, with the remainder being divided among supplies and
travel. All salary dollars are devoted to collection of parasitoids for redistribution, plus
stem dissections for samples from all 14 field sites.

In 2007-2008, the redistribution procedure was modified to provide funds to support
redistribution by eight County Extension personnel at $500 each, because it was
decided that redistribution sites had established proof-of-concept and sample
processing was too time-consuming for already busy Extension personnel. Salary and
benefits included a nearly equal split between undergraduate hourly staff and part-time
technical support staff. All salary dollars are devoted to collection of parasitoids for
redistribution, plus stem dissections for samples from all 14 field sites.

In 2008-2009, there were more County Extension participants and funds for
redistribution ($8250) were allocated at $750 each due to the high cost of fuel. Salaries
and benefits were equally divided between postdoctoral staff and undergraduate
student laborers. All salary dollars are devoted to collection of parasitoids for
redistribution, plus stem dissections for samples from all 14 field sites.

ORANGE WHEAT BLOSSOM MIDGE MANAGEMENT - MWBC

Bob Stougaard — Lead P.I.

Grant Overview: An unprecedented outbreak of the orange wheat blossom midge in
the Flathead Valley caused great concerns for growers and devastating losses. This
project has been funded in 2007-2008 and 2008-2009. An initial role of my laboratory
was to provide early discussion with researchers at NWARC in Creston about this
entomological problem. The overall project involves a comprehensive evaluation of
host plant resistance, cultural techniques, predictive modeling and biological control.
My laboratory has led annual surveys for this pest in the Triangle for each of the past
two years and has also determined the sex ratio of the insects captured in pheromone



and sticky traps. We have also participated in assessing new forms of host plant
resistance - with a focus on resistance by non-preference.

Grant Accomplishments: No pheromone traps deployed throughout the Triangle
captured any of this pest species in either year. Determination of the sex ratio of the
midge caught in various traps showed considerable variation in non-selective traps,
while the highly-selective pheromone traps captured almost exclusively male insects, as
is expected. Preliminary observations in 2007-2008 showed that the number of
damaging immatures per head in varieties with known resistance by antibiosis was
zero, due to induced resistance that kills the insects. However, observation also
suggested that the number of midge varied by cultivar, which indicates host preference.
Fortunately, two varieties that showed different levels of attractiveness to wheat stem
sawfly also show different levels of attractiveness for this midge. Preliminary analysis of
plant odors from the wheat heads in 2008-2009 indicates that there are unique
compounds present in the two varieties.

Grant Connections: This grant builds on a series of Conan by Reeder spring wheat
crosses that were extensively evaluated for varying egg-laying preference in wheat
stem sawfly, which is a MBRC project that | lead (4W0793; a single grant running
from 05-09). A large set of crosses were available from this project and preliminary
observations indicated differences in infestation of the parent lines in on-station nursery
plots at NWARC in the summer of 2007. This suggested the role of behaviorally active
compounds in wheat midge oviposition preference, so these crosses were planted in hill
plots at NWARC in 2008-2009 to assess heritability of preference as potentially related
to differences in host plant odor.

Financial Overview:

Grant 4W1762 **A\W2257
Year 07-08 08-09
Salary + Benefits 6652.13 6197.57
Operations + Travel 85.87 21.43
Total 6,738.00 6,213.00

** 08-09 total expenditures not final.
Financial Narrative:
For both years, salary and benefits were assigned fully to professional technical staff to

conduct surveys, conduct microscopic examination of trap captures, plus field and
greenhouse research on resistance by non-preference methodologies.



Wheat Stem Sawfly Management / Host Plant Resistance (2007-2008),
Tritrophic Pest Interactions, and Cropping Systems for IPM of Wheat Stem
Sawfly (2008-2009) - MWBC

David Weaver — Lead P.I.

Grant Overview: This grant (funded 2007-2008 and 2008-2009) continues a
comprehensive effort to develop new strategies for managing this insidious pest that
had began several years previously with Federally-funded Special Research Grants. In
these projects 2007-2008 and 2008-2009, respectively, we are evaluating two broad
approaches to sawfly management.

One is the assessment of the best use of current grower inputs and planting strategies
to determine the highest yielding approach under heavy sawfly pressure. Included in
this is the field testing of a solid-stem based spring wheat trap crop, including the
measurement of the impact on parasitoids.

The second project targets the development of new forms of host plant resistance. One
type of host plant resistance being explored is antibiosis, specifically identifying the
mechanisms and compounds responsible for moderate sawfly mortality in solid stem
wheat or for absolute sawfly mortality in oat. A second form of host plant resistance
being evaluated is tolerance or a reduced negative response to sawfly infestation. In
this case, we are looking for lower yield reductions, a relative comparison of plant stress
for infestation categories within particular varieties.

Grant Accomplishments: In a comparison of wheat cropping systems in both years,
winter wheat out yielded spring wheat and the hollow stem variety out yielded the solid
stem variety by several bushels per acre each year, despite being very heavily infested
in both years. Spring wheat was not highly infested in 2007-2008, but was in 2008-
2009. In the first season, the hollow stem spring wheat outperformed the solid, while in
the second year the solid stem outperformed the hollow under heavier sawfly pressure.
There was no effect of row spacing or seeding density on yield or infestation by the
wheat stem sawfly in either year.

In 2008-2009 samples were processed from three very heavily infested sites devoted to
evaluation of sawfly impact on yield in three cultivars that were also exposed to varying
pressure from cheatgrass and crown rot. The data was provided to a MSU weed
scientist (Menalled) who will lead the modeling of the interactions amongst the
treatments.

In 2008-2009 a field-scale solid-stem spring wheat trap strip was deployed to
comparatively assess suppression of sawfly relative to attractive and unattractive
cultivars. The attractive solid stem provided effective protection for the unattractive
variety only, and also provided good harborage for parasitoids.



In 2007-2008 a series of experiments showed that the antibiotic activity of compounds
in oat and solid stem pith is expressed in several host tissues, and pre-existing data in
the scientific literature on candidate phenolic compounds from a variety of wheat tissues
does not necessarily correlate with levels in the epidermal tissue that newly-hatched
larvae feed on. In 2008-2009, we expanded our efforts on oat to include screening for
preference among varieties. One variety is as highly attractive as the most attractive
wheat variety we know of, while killing all wheat stem sawflies. The level of attraction is
comparable or slightly better than the most attractive spring wheat.

Differences in tolerance among wheat varieties were evident in both hollow and solid
stem spring wheat varieties in both 2007-2008 and 2008-2009. More tolerant varieties
have decreased early ripening due to sawfly feeding — they continue photosynthesis
longer when infested than the other varieties. In solid stem varieties, one variety had
greater seed number and weight than others when infested, but only when the sawfly
larva was killed in the pith. If the larva survived to cut the solid stem, then the losses
were the same.

Grant Connections: The field-scale spring wheat trap crop is also based on a series of
Conan by Reeder spring wheat crosses that were extensively evaluated for varying egg-
laying preference, which is a MBRC project that | lead (4W0793; a single grant
running from 2005-2009).

Financial Overview:

Grant 4W1651 **A\W2212
Year 07-08 08-09
Salary + Benefits 98783.69 86096.62
Operations + Travel 1250.00 13,903.38
Total 100,000.00 100,000.00

** 08-09 total expenditures not final.
Financial Narrative:

In 2007-2008, salaries and benefits were 80% professional technical staff and 20%
graduate students. Operations expenditures were only greenhouse rent. In 2008-2009
all salaries and benefits were paid to professional technical staff. Operations and travel
were divided into 55% supplies, 25% travel to field sites, and 20% greenhouse rent.



A NEW WEAPON FOR REDUCING SAWELY DAMAGE
TO MONTANA WHEAT FIELDS — MBRC

David Weaver — Lead P.I.
Luther Talbert — Co-P.I.
Gregg Carlson Co-P.1.

Grant Overview: This project (2005-2009) targets the development and identification
of a candidate solid stem spring wheat variety to use in trap cropping. The ultimate goal
is to identify a cultivar which could be used to retain and kill sawflies, yet be planted and
harvested at the same time as the unattractive crop it would protect. The project is
developmental and is divided into three components: laboratory identification of
attractants, plus field and laboratory entomology (Weaver - $100,000); laboratory
genetics and field agronomy (Talbert - $100,000), and field agronomy (Carlson
$30,000). The project is divided by PI function, so my focus will be on my efforts. The
central focus of the field work by was the use of hill plots (small equally spaced
plantings of 10-15 seed) to discriminate the heritability of sawfly oviposition preference.
Research in my laboratory was devoted to the potential heritability of sawfly attractants
as the mechanism for oviposition preference and to the processing of the entomological
samples to discern variation necessary for heritability. Talbert’s group analyzed the
heritability of preference based on the entomological data provided and identified the
locations on chromosomes that were linked to preference, while Carlson’s group led a
dedicated effort to deploy and maintain hill plot arrays that would allow the
discrimination of preference during the flight of female sawflies.

Grant Accomplishments: The production of volatile attractants was measured for
heritability, but the logistics of collecting volatiles from 96 crosses in 3 replications was
somewhat confounded by daily variation. However, scrutiny of volatile production
identified Choteau SW as a candidate for use in laboratory choice experiments against
an unattractive variety and also against an attractive variety. The crosses used in the
hill plots and to assess volatile production were derived from these specific unattractive
and attractive varieties. Talbert’s group found that heritability of preference was high,
and identified locations for provisional molecular markers to allow for rapid selection of
attractive and unattractive varieties. Future work will focus on developing high purity
lines with preference genes that are present or absent and these will be used to
measure the production of volatile attractants to confirm the mechanism for
preference/non-preference.

Grant Connections: This grant links to the field trial described in 2008-2009 in MWBC
#4W2212, but the current grant is the developmental work leading to the field scale trial
of the solid stem spring wheat trap crop. It also links to the assessment of heritability in
egg-laying preference described for orange wheat blossom midge in 2008-2009 MWBC
#4W2257. The same crosses were planted in Kalispell in hill plots to target this insect
and unique molecules that are potential attractants for the midge have been identified.



Financial Overview:

Grant *AW0793
Year 05-09
Salary + Benefits 89640.88
Operations + Travel 10359.12
Total 100,000.00

*total expenditures not final.

Financial Narrative: Salary and benefits were divided at 40% professional technical
staff and 60% graduate student support. Operations and travel were divided at 40%
travel and 60% supplies.



Grant descriptions: Luther Talbert, Plant Sciences and Plant Pathology Department.

Spring Wheat Breeding and Genetics (4WO0550, 4W1146, 4W1666, 4W2214)
Montana Wheat and Barley Committee

July 1, 2005 — June 30, 2006
July 1, 2006 — June 30, 2007
July 1, 2007 — June 30, 2008
July 1, 2008 — June 30, 2009

Grant Overview:
Spring wheat breeding is a long-term project and the objectives of the MWBC grants have been
the same each year, as follows.

1) Develop spring wheat varieties for Montana farmers
2) Coordinate the variety testing program for spring wheat
3) Conduct applied research related to genetic improvement of spring wheat

The MWBC provides base funding for the applied spring wheat breeding program. We make
new crosses and evaluate new genetic combinations every year. The time frame between
making a cross and having a new variety to release is about ten years. In early generations
after a cross, most of our selections are made in Bozeman. In later generations, highly selected
materials are tested across the state and in the Cereal Quality Lab. Traits addressed include
grain yield, sawfly resistance, orange wheat blossom midge resistance, stem rust resistance,
Fusarium crown rot resistance, stripe rust resistance, test weight, milling quality, baking quality,
grain protein, threshability, seed size, and many other traits that are important for farmers in the
state. In addition, we coordinate the variety testing program and publish performance results
based on data from colleagues at the Research Centers. Finally, MWBC funding is used to help
support applied research related to spring wheat genetics and breeding. A primary emphasis
since 2006 has been to develop breeding strategies for incorporating long green leaf duration
into our lines. We have also worked closely with the Creston Research Station to identify
resistance to orange wheat blossom midge. We have continued an emphasis on developing
sawfly-resistant varieties.

Accomplishments:

Current widely grown varieties from the program include Choteau (sawfly-resistant) and
McNeal. Our new variety, Vida, was grown on several thousand acres for seed in 2008 and
should begin occupy significant acreage in 2009. Current lines being increased for release are
intended to combine sawfly resistance with increased yield potential, more desirable height
under dry conditions, and better threshability relative to Choteau. Variety performance results
are widely disseminated and published on the web
((http://plantsciences.montana.edu/Crops/2009data/perf08.pdf). Applied genetic research has
allowed us to identify potentially useful genes for long green leaf duration, and for orange wheat
blossom midge resistance.

Grant Connections:

If the genetic research funded by MBRCT shows that new genes or traits have merit for spring
wheat in Montana, they are incorporated into the variety development program funded by the
MWBC and the Montana Agricultural Experiment Station. Thus, tools and information gathered
from MBRCT projects are funneled into the applied breeding program.


http://plantsciences.montana.edu/Crops/2009data/perf08.pdf

Financial Overview:

Category 4W0550 (FY | 4W1146 4\W1666 4W2214
06) (FY 07) (FY 08) (FY 09)

Salary and | 48,881 49,542 59,679 44,856

benefits

Operations* | 18,127 17,103 3,965 14,179

Travel 2,988 3,353 1,177 589

Awards 5,176 6,815

e Operations include supplies, repair and maintenance, contract services and rent.
e Awards are graduate student tuition and fees.

Financial Narrative:

The primary expense for the breeding program is salary and benefits. Over the four years
covered by these proposals the money has been used to provide partial salary for a senior
research associate and for student labor. In 2006, approximately % of the salary and benefits
was used for a research associate and ¥ for students. In 2007 and 2008, salary and benefits
funding was used approximately ¥z for a research associate and ¥z for students. In 2009,
approximately 90% of salary and benefits funding went to students. The second expense is for
operations, which includes supplies for the lab, field and greenhouse, rental of space in the
greenhouse, and repair and maintenance of equipment. Travel funding is primarily used by the
P1 for travel to collaborative research plots around the state, and in two years, for attendance at
regional meetings regarding wheat breeding and genetics. Awards refer to funding to partially
pay tuition and fees for one graduate student.



Accelerated Development of Two Gene Imidazalinone-Tolerant Wheat Varieties (4W0840)
Montana Board of Research and Commercialization
Jan. 1, 2006 - Dec. 30, 2007

Grant Overview:

Objective (from proposal): The ultimate goal of this proposal is development of adapted spring
and winter two gene-Clearfield wheat varieties for Montana. Clearfield wheat varieties are
resistant to the effects of the imidazalinone class of herbicides, of which ‘Beyond’ is the most
widely used. This is a proprietary system patented by BASF. Accelerated development of
resistant spring and winter wheat varieties was made possible by the development of PCR
markers for the resistance genes, which allowed the wheat breeding programs to backcross the
genes into elite lines. The advantage of Clearfield wheat is that the herbicide provides control of
grassy weeds that are difficult to control with traditional management practices. Jointed
goatgrass is the primary target for winter wheat. For spring wheat, the advantage of Clearfield
varieties is that wheat can be planted earlier, with no tillage prior to planting, and over-the-top
application of Beyond.

Grant Accomplishments:

We met our objectives for this proposal. A Clearfield version of the popular spring wheat variety
Choteau has been developed and is being purified for release. Resistant winter wheat lines are
entering statewide breeding trials for eventual release. In addition, we looked at efficacy of the
Beyond herbicide on weeds that will be important in Montana, including wild oats and a series of
broadleaf weeds. The proprietary nature of the trait means that new varieties have to be
released in conjunction with a corporate partner. Our plan is to present a licensing proposal for
the Clearfield-Choteau variety this fall, pending data from summer 2009.

Grant Connections:

The varieties into which we introduced the Clearfield genes, such as Choteau, were developed
using MWBC funding. The Clearfield lines that we developed using MBRCT funding are
currently being tested for adaptation in Montana using the infrastructure provided by the
breeding programs funded by MWBC.

Financial Overview:

Category 4\W0840
Salaries and Benefits 23,161
Operations* 15,538
Travel 1,319

o Operations include supplies, repair and maintenance, contract services and rent.

Financial Narrative:

The primary expense for this project was partial funding for a research associate to conduct the
crossing and molecular analyses in order to introduce the resistance genes into Montana-
adapted spring wheat varieties. Operations supplies were for molecular biology reagents.
Travel funding was used for the PI to attend a national meeting that included discussion of the
Clearfield technology in wheat.



A New Weapon for Reducing Sawfly Pressure in Montana Wheat Fields (4W0885)
Montana Board of Research and Commercialization
October 31, 2005 — September 30, 2009

Grant Overview:

My role in this proposal was a plant geneticist working with David Weaver (PI) to understand
and exploit differences in egg-laying behavior of the wheat stem sawfly. In particular, wheat
stem sawfly females avoid laying eggs in some wheat varieties and prefer to lay eggs in others.
There is potential to exploit this characteristic in variety development.

Objectives (from grant): Specifically, we will 1) determine the genetics of green leaf volatile
production in a spring wheat cross; 2) determine the genetic relationship between green leaf
volatile production and oviposition preference of the wheat stem sawfly; and 3) develop
molecular markers linked to the gene(s) controlling volatile production.

This project involved testing progeny lines derived from a cross between lines that differed in
their ability to attract the sawfly in two sites in northern Montana with severe sawfly pressure.
Additionally, we developed a molecular map for lines in order to identify the genes controlling
attraction. This work was completed, and we have identified two genes controlling sawfly
attraction, and identified molecular markers for the genes.

Grant Connections:

The lines that we analyzed for sawfly attraction were derived as part of the breeding program
funded by MWBC beginning with a cross in 2003. In addition, the genes that we have identified
are currently being crossed into elite Montana lines with the goal of variety release to assist with
control of the wheat stem sawfly.

Financial Overview:

Category 4\W0885
Salaries and Benefits 86,922
Operations 12,571
Travel 495

Financial Narrative:

The primary expense for this project was labor to create the molecular map and to assist with
planting and harvest of the experiments in Loring and Havre. Approximately % of the salaries
and benefits funding was used to partially pay the salary of a research associate, and %2 was
used for students. Operations funding was primarily for lab supplies, and travel funding was
used for project members to go to northern Montana to plant and harvest.



Grant descriptions: Joyce Eckhoff, Department of Research Centers

Early Generation Durum Selection and Germplasm Improvement. (4W0526, 4W1137,
4W1659, 4W2227)
Montana Wheat and Barley Committee

July 1, 2005 — June 30, 2006
July 1, 2006 — June 30, 2007
July 1, 2007 — June 30, 2008
July 1, 2008 — June 30, 2009

Grant Overview:

Durum breeding and germplasm improvement is a long-term project and the objectives of the

MWABC grants have been the same each year.

Objectives:

o To produce improved durum germplasm for development of varieties for Montana
producers

e To develop value-added characteristics in durum for manufacture of specialty products

The MWBC provides base funding for this applied durum breeding program. Several male
sterile facilitated recurrent selection (MSFRS) durum populations were developed at the Eastern
Agricultural Research Center. Each year, plants are selected from F, populations based on
heading date, plant height, disease tolerance, and general agronomic appearance. F; progeny
are grown in the greenhouse at Sidney during the winter to identify day length insensitive lines.
Plants that produce seed during the winter months in Montana are considered to be day length
insensitive. All day length insensitive lines are planted in head rows in the summer and
evaluated for bloom date, height, and disease reaction. Spikes are harvested from the best
plants in the best rows, and the rest of each selected row is harvested in bulk and evaluated in
the lab for test weight, protein content, seed size, seed weight, hard vitreous amber color, and
sedimentation rate, an estimation of gluten strength. This is a continuing process, with crosses
made for new populations each year. Eighty-four solid-stemmed lines from the World Collection
were identified in 2004 and crossed onto a MSFRS population in 2005 to develop a solid-
stemmed population. This solid-stemmed population was continued and maintained. Because
of the European Union’s restriction on Cd levels in imported durum, incorporating the low Cd-
accumulating character has become a top priority.

Grant Accomplishments:

An experimental line that has good sawfly tolerance, good quality and good vyield is being
increased for release in 2010. This will be a joint release between Montana State University and
North Dakota State University.

Grant Connections:

The Early Generation Durum Selection and Germplasm Improvement is a general plant
breeding effort. In this project, durum is evaluated for agronomic characters like height, heading
date, and disease resistance, and for quality characteristics, like protein content, gluten
strength, seed size and test weight. The project funded by the Montana Board of Research and
Commercialization is a project to specifically identify durum lines homozygous for the low Cd
gene using genetic markers. Any lines identified will be used in the general durum breeding
program, but the low-cadmium project would not have been conducted without the funding from
the Montana Board of Research and Commercialization.



Financial Overview:

4\W0526 4W1137 4\W1659 4\W2227
Category (FY 06) (FY 07) (FY 08) (FY 09)
Salary and benefits $7170 $7143 $6067 $5592
Operations* $2830 $2857 $3405 $2230
Travel $528 $376

*Qperations include supplies, contract services, repair and maintenance.

Financial Narrative:

The primary expense for this project is salary and benefits. The money was used to provide
partial salary for seasonal labor and one classified employee. Operation expenses include
supplies for the lab, field and greenhouse, repair and maintenance of equipment, soil sampling
costs, and quality analysis costs. Travel funding is used by the PI for travel to Bozeman to

present research data to the Wheat and Barley Committee.



Durum with low cadmium uptake for production in Montana. (4W2052)
Montana Board of Research and Commercialization
April 1, 2008 — March 31, 2010

Grant Overview:
Objective: To produce improved durum germplasm for development of varieties with low-
cadmium uptake for Montana producers

Cadmium (Cd) is a nonessential heavy metal that may cause health problems. Diet is the main
source of Cd for nonsmokers, with cereal products accounting for up to 20% of daily intake.
Most durum genotypes grown in Montana accumulate Cd in the grain, resulting in pasta that
contains Cd. The current official standard for maximum level of Cd in wheat grain as stated by
the Codex Alimentarius Commission is 0.2 ppm, and the European Union has adopted this level
as the maximum allowed in domestic and imported durum. Other durum buyers may also adopt
this level. Europeans have traditionally purchased durum from the desert Southwest. That area
is no longer a reliable source of durum. Additionally, southwest durum often has a high amount
of Cd. European durum buyers are looking for another source of high quality durum with low Cd
levels. Montana and North Dakota may fill the market required by European durum buyers. The
low Cd-accumulation trait in durum is caused by a single dominant gene. Emasculated crosses
were made using high quality lines as female parents and low Cd-accumulation lines as male
parents. The F; progeny were grown in the greenhouse and the F, progeny were grown in the
field in 2008. Using a genetic marker, F3 plants were screened for the low-Cd accumulation
gene last winter at the USDA-ARS Western Regional Small Grains Genotyping Laboratory.

Grant Accomplishments:

Eighty-seven lines were identified as being homozygous for the low Cd-accumulation gene.
These lines are now growing in the field and will be evaluated for agronomic and quality
characteristics. They will also be used as parents to maintain populations.

Grant Connections:

This project funded by the Montana Board of Research and Commercialization is a project

to specifically identify durum lines with the low Cd-accumulation gene using genetic markers.
Any lines identified will be used in the general durum breeding program, but the low-cadmium
project would not have been conducted without this funding.

Financial Overview:

Category 4W2052
Salaries and Benefits $22766
Operations* $4325
Travel $624

*QOperations include supplies, contract services, repair and maintenance.

Financial Narrative:

The primary expense for this project is salary and benefits for two classified employees and one
MAST intern. Operation expenses include supplies for the lab, field and greenhouse, repair and
maintenance of equipment, and expenses for genetic marker analysis. Travel expenses were
used to travel to Helena to present information about the grant to legislators.



Evaluation of small grains for ethanol production. (4W1138)
Montana Wheat and Barley Committee
July 1, 2005 - June 30, 2006

Grant Overview:
Objective: To identify best available barley, spring wheat, winter wheat, and durum varieties and
new experimental lines for starch content and ethanol production.

Ethanol is an alternative fuel that is a renewable energy source. Extending the volume of
conventional gasoline is a significant end use for ethanol. Corn is the predominant grain for
ethanol production in this country. Wheat, barley, and durum are major grain crops in Montana.
Ethanol production using feed barley, rejected malt barley, and low-protein wheat and durum
could be a way to add value to these low-value crops. Soft white wheat with higher starch
content and higher yielding ability than high-protein bread wheat may offer an alternative
competitive crop for ethanol use. Instead of exporting small grains from Montana as raw
commodity, and importing corn into Montana for ethanol production, value can be added to the
small grains in the form of higher starch yield and value-added co-products for the livestock and
dairy industry. Commercial varieties and experimental lines of spring wheat, winter wheat,
durum, and barley were grown under irrigated and dryland conditions. These included malt
barley, feed barley, hulless barley, loose-hulled barley, hard red wheat, hard white wheat, soft
white wheat, high test-weight barley and wheat lines, and low-protein barley and wheat lines.
Each entry was evaluated for grain yield, protein content, and starch yield.

Grant Accomplishments:

Soft white spring wheat had higher percent starch than other types of small grain under both
irrigated and dryland conditions. Higher yielding soft white wheats produced the greatest starch
yield per acre. Removing hulls from normal hulled feed and malt barley lines did not reduce
starch yield per acre.

Grant Connections:
This grant has no connection to the Montana Board of Research and Commercialization grant.

Financial Overview:

Category 4W1138
Salaries and Benefits $3366
Operations* $1634

*QOperations include supplies, contract services, repair and maintenance.

Financial Narrative:

The primary expense for this project is salary and benefits. The money was used to provide
partial salary for seasonal labor and two classified employees. Operation expenses include
starch assay kits and supplies for the lab.



Evaluation of various materials and practices contributing toward economic crop
production under flexible, continuous and other cropping systems in Montana. (4W1151,
4W1669, 4W2209)

Montana Wheat and Barley Committee
July 1, 2006 — June 30, 2007
July 1, 2007 — June 30, 2008
July 1, 2008 — June 30, 2009

Grant Overview:
This project is a long-term project and the objectives are the same each year.

Objectives:

e To evaluate the effects of differing systems on crop and variety performance under diverse
environments represented across the Montana Agricultural Experiment Station — Research
Center network.

o To evaluate the potential fit of other materials, concepts and techniques with various
cropping systems employed.

This grant encompasses many projects on six Research Centers in Montana. It funds on-station
and off-station variety testing, tillage studies, pest management studies, equipment evaluation,
seeding rate studies, and fertilizer rate studies. An ever-increasing need is felt among Montana
agricultural producers for development and implementation of new and/or refined materials and
methods for enhanced economic efficiency in crop production.

Grant Accomplishments:
Results from this project have provided information to growers about varieties, tillage, pest
management, and other management practices.

Grant Connections:
This grant has no connection to the Montana Board of Research and Commercialization grant.

Financial Overview:

4W1151 4W1669 4W2209
Category (FY 07) (FY 08) (FY 09)
Salaries and Benefits $12172 $14884 $11686
Operations* $5828 $3116 $5607

*Operations include supplies, contract services, repair and maintenance.

Financial Narrative:

The primary expense for this project is salary and benefits. The money has been used to
provide partial salary for seasonal labor. Operation expenses include fertilizer, pesticides,
repair and maintenance of equipment, soil sampling costs, diesel fuel, and supplies for the field
and seed house.



Grant descriptions: Robert Stougaard, Aqgriculture Experiment Stations

Herbicide Injury Potential to Montana Wheat Varieties
Montana Wheat and Barley Committee
July 1, 2005 to June 30, 2006

Grant Overview:

Most herbicides can cause some degree of crop injury when given the proper set of
environmental conditions. However, there are other instances where herbicide injury can occur
due to the genetic differences that exist among crop varieties in the ability to metabolize specific
herbicides. Several Montana wheat producers had experienced unacceptable levels of crop
injury with some newer herbicides. Moreover, those individuals who had observed this injury
associated the damage with specific wheat varieties.

Two studies were conducted during 2005 to evaluate spring wheat cultivar susceptibility to
herbicides. In the first study, eight spring wheat cultivars were evaluated for their tolerance to
the wild oat herbicides, Everest and Silverado. This study was conducted at Kalispell and
Huntley, MT. The second study investigated the impact that herbicides might have on stem
solidness, potentially impacting cultivar susceptibility to damage from the wheat stem sawfly.
This second study was conducted at Kalispell and consisted of twelve herbicides, representing
three different modes of action, applied to the solid stem variety, Scholar.

Grant Accomplishments:

Silverado and Everest both demonstrated significant crop injury. However, the extent of
herbicide induced crop injury varied by location, with herbicide damage being more apparent at
Kalispell compared to Huntley. Crop injury also varied between the herbicides, and was
generally more severe with Silverado as compared to Everest at both locations. Certain cultivars
also appeared to have greater susceptibility to herbicide injury. This was most apparent at
Kalispell, where both products injured Choteau, Hank, McNeal, and Outlook. Although crop
injury was greatest with these varieties, yield reductions were observed with Reeder and
MT0260. The yield of Reeder also appeared to be suppressed at Huntley.

Herbicide effects were also observed with stem solidness. Preliminary results indicate that the
ALS herbicides may potentially increase stem solidness, while auxinic herbicide may decrease
pith development.

Grant Connections: Year one of a two year study.

Financial Overview

Category 4\W0532

Salary and 7,210
benefits

Financial Narrative:
We received $7,210 and was spent in salary and benefits.



Grant Overview: Herbicide Injury Potential to Montana Wheat Varieties.
Montana Wheat and Barley Committee.
July 1 2006 to June 30 2007.

Most herbicides can cause some degree of crop injury when given the proper set of
environmental conditions. However, there are other instances where herbicide injury can occur
due to the genetic differences that exist among crop varieties in the ability to metabolize specific
herbicides. Several Montana wheat producers had experienced unacceptable levels of crop
injury with some newer herbicides. Moreover, those individuals who had observed this injury
associated the damage with specific wheat varieties.

Two studies were conducted during 2006 and 2007 to evaluate spring wheat cultivar
susceptibility to herbicides. In the first study, eight spring wheat cultivars were evaluated for
their tolerance to the wild oat herbicides, Everest and Silverado. This study was conducted at
Kalispell and Huntley, MT. The second study investigated the impact that herbicides might have
on stem solidness, potentially impacting cultivar susceptibility to damage from the wheat stem
sawfly. This second study was conducted at Kalispell and consisted of twelve herbicides,
representing three different modes of action, applied to the solid stem variety, Scholar.

Grant Accomplishments:

Silverado and Everest both demonstrated significant crop injury. However, the extent of
herbicide induced crop injury varied by location, with herbicide damage being more apparent at
Kalispell compared to Huntley. Silverado was generally more phytotoxic at Kalispell, while
Everest caused the greatest degree of injury at Huntley. However, there was general
agreement between the two locations regarding cultivar susceptibility, with injury being most
severe for Choteau. The effect of herbicides of stem solidness was minimal.

Grant Connections: Year two of a two year study.

Financial Overview:

Category 4W1147

Salary and 7,210
benefits

Operations* | 5,000

*Qperations include supplies, repair and maintenance, contract services and rent.

Financial Narrative: $7,210 was spent in salary and benefits and $5,000 for work conducted at
Huntley.



Grant Overview: Accelerated Development of two Gene-Imidazolinone-Tolerant Wheat
Varieties for Montana.

Montana Board of Research and Commercialization

January 1, 2006 to December 31 2007

Downy brome and jointed goatgrass are two troublesome weeds that are widely distributed
throughout Montana, and present a serious economic threat to winter wheat production
systems. Both weed species have similar life histories and possess many of the same
biochemical pathways that are present in winter wheat. In addition, jointed goatgrass and winter
wheat are genetically related, sharing a common genome. In total, these physiological and
genetic similarities have made it exceedingly difficult to selectively control these weed species
without experiencing unacceptable collateral damage to the wheat crop.

The general objective was to develop herbicide resistant spring and winter wheat varieties that
were tolerant to the imidazolinone family of herbicides. An additional objective was to develop
supporting data to document the efficacy of imazamox for the control of two troublesome and
widely distributed summer annual weed species - wild oat and wild buckwheat. These latter
efforts were carried out in herbicide tolerant winter and spring wheats at Kalispell by Bob
Stougaard.

Grant Accomplishments:

The herbicide dose required to minimize weed competitive effects was much less for winter
wheat as compared to spring wheat. Since winter wheat is planted in the fall, and becomes
well established prior to the germination of wild oat and wild buckwheat, the associated
competitive advantage allows for a reduction in imazamox rates relative to spring wheat
systems where the crop and the weed germinate simultaneously. Nevertheless, excellent
weed control was achieved at the labeled 1X rate under both cropping systems. Moreover,
excellent crop safety was evident with both winter and spring wheat. These results indicate
that imazamox controls a wide range of weeds that infest cereals.

Grant Connections: None

Financial Overview

Category 4\W0837

Salary and 24,004
benefits

Operations* | 5,996

*Operations include supplies, repair and maintenance, contract services and rent.

Financial Narrative:

A total of $30,000 was spent at the Northwestern Ag Research Center over the two growing
seasons ($15,000 per year). Funding of $24,000 was used to pay for a portion of a post
doctorial scientist and the remaining $6,000 was used for supplies in order to conduct the series
of four herbicide efficacy experiments.



Grant Overview: Weed-Resistant Small Grain Varieties for Montana
Montana Wheat and Barley Committee
July 1, 2005 to June 30, 2006

Weeds are a major impediment to profitable small grain production. In response, Montana
producers annually apply over 2 million pounds of herbicides to winter and spring wheat, with
over 10 million dollars being spent to control a single pest - wild oat. Not surprisingly, herbicides
represent one of the largest input costs associated with small grain production in Montana. But
despite the intensive use of herbicides, weeds are still wide spread. A strict reliance on
herbicides for weed management has not been sufficient. Therefore, our goal was to identify
competitive plant traits in order to breed for small grain varieties that aided in reducing weed
growth and seed production.

The selection and use of large cereal grain seed size greatly contributes to improved crop vigor,
and correspondingly enhances the crops ability to suppress wild oats, while also helping to
reduce the negative effects of environmental stress on crop yield. Since seed size is a heritable
trait, a breeding strategy directed at increasing seed size would have enormous benefits for
Montana producers. The general focus of this research project was to conduct a standard
backcross and selection program to increase seed size in spring wheat with the goal of reducing
the negative effects of biotic and abiotic stress on spring wheat yield.

Grant Accomplishments:

Significant progress with respect to increasing seed size of local adapted spring wheat cultivars
is being achieved. First and second cycles of mass selection for large seed size were
successfully completed. Head selections within two promising populations involving Explorer as
the recurrent parent resulted in the identification of sixty large seeded lines and six large
seeded-solid stem lines. Further work within our advanced selections resulted in the
identification of fourteen lines and sixty-one sub-lines with increased seed size and acceptable
agronomic attributes. Additional efforts in our early-generation selections produced ninety-one
promising lines.

Grant Connections:
This project was initially funded by the Committee in 2003. This was the last year that they
funded this breeding project.

Financial Overview:

Category 4\W0533

Salary and 9,001
benefits

Operations*

*Operations include supplies, repair and maintenance, contract services and rent.

Financial Narrative:

A total of $10,000 was provided. NWARC received $9,000 for salary and benefits for the partial
support of a post doctorial scientist, while SARC received $1,000 in salary and benefits for part
time labor.



Grant Overview: Evaluation of various materials and practices contributing toward
economic crop production under flexible, continuous and other cropping systems in
Montana.

Montana Wheat and Barley Committee

July 1, 2005 to June 30, 2006

This is an annual, cooperative venture among the Research Centers located at Conrad, Havre,
Huntley, Kalispell, Moccasin, and Sidney. The main emphasis of this research is to investigate
the appropriateness of various materials and practices as components of cropping systems for
the particular environments represented by each Research Center. There is a strong
collaborative association with the small grain breeders located in Bozeman, and much effort is
direct at varietal evaluations.

Grant Accomplishments:

Uniform varietal trials were established at Kalispell, which consisted of evaluating experimental
lines of spring wheat, barley, and winter wheat in order to identify those cultivars best suited for
production in northwestern Montana. Additional efforts included evaluating soft white winter
wheat cultivars, evaluating Clearfield winter wheat lines for herbicide tolerance, evaluating wild
oat herbicides in spring wheat, and the evaluation of plant growth regulators in spring wheat.

Grant Connections:
This is an annual, cooperative venture among the Research Centers located at Conrad, Havre,
Huntley, Kalispell, Moccasin, and Sidney.

Financial Overview:

Category 4W1147

Salary and | 15,000
benefits

Operations*

*QOperations include supplies, repair and maintenance, contract services and rent.

Financial Narrative:
In 2005, $15,000 was received to off-set expenses associated with salary and benefits for
hourly labor.



Grant Overview: Evaluation of various materials and practices contributing toward
economic crop production under flexible, continuous and other cropping systems in
Montana

Montana Wheat and Barley Committee

July 1, 2006 to June 30, 2007

This is an annual, cooperative venture among the Research Centers located at Conrad, Havre,
Huntley, Kalispell, Moccasin, and Sidney. The main emphasis of this research is to investigate
the appropriateness of various materials and practices as components of cropping systems for
the particular environments represented by each Research Center. There is a strong
collaborative association with the small grain breeders located in Bozeman, and much effort is
direct at varietal evaluations.

Grant Accomplishments:

Uniform varietal trials were established at Kalispell, which consisted of evaluating experimental
lines of spring wheat, barley, and winter wheat in order to identify those cultivars best suited for
production in northwestern Montana. Additional efforts included evaluating soft white winter
wheat cultivars, evaluating Clearfield winter wheat lines for herbicide tolerance, evaluating wild
oat herbicides in spring wheat, and the evaluation of soft white spring wheats.

Grant Connections:
This is an annual, cooperative venture among the Research Centers located at Conrad, Havre,
Huntley, Kalispell, Moccasin, and Sidney.

Financial Overview:

Category 4\W1150

Salary and | 17,600
benefits

Operations* | 400

*QOperations include supplies, repair and maintenance, contract services and rent.

Financial Narrative:

In 2006, a total of $18,000 was received, with $17,600 being used to off-set expenses
associated with salary and benefits for hourly labor, and the remaining $400.00 being used for
protein analysis as a contracted service.



Evaluation of various materials and practices contributing toward economic crop
production under flexible, continuous and other cropping systems in Montana.
Montana Wheat and Barley Committee

July 1, 2007 to June 30, 2008

Grant Overview:

This is an annual, cooperative venture among the Research Centers located at Conrad, Havre,
Huntley, Kalispell, Moccasin, and Sidney. The main emphasis of this research is to investigate
the appropriateness of various materials and practices as components of cropping systems for
the particular environments represented by each Research Center. There is a strong
collaborative association with the small grain breeders located in Bozeman, and much effort is
direct at varietal evaluations.

Grant Accomplishments:

Uniform varietal trials were established at Kalispell, which consisted of evaluating experimental
lines of spring wheat, barley, and winter wheat in order to identify those cultivars best suited for
production in northwestern Montana. Additional efforts included evaluating soft white winter
wheat cultivars, evaluating winter wheat lines for susceptibility to foliar diseases, evaluating the
fungicide Headline for disease control in winter wheat, and evaluating reduced herbicide rates
for wild oat control in spring wheat.

Grant Connections: This is an annual, cooperative venture among the Research Centers
located at Conrad, Havre, Huntley, Kalispell, Moccasin, and Sidney.

Financial Overview:

Category 4W1671

Salary and | 1,558
benefits

Operations* | 16,442

*QOperations include supplies, repair and maintenance, contract services and rent.

Financial Narrative: In 2007, a total of $18,000 was received, with $1,558 being used to off-set
expenses associated with salary and benefits for hourly labor, $4,964 being used to purchase a
grain analyzer, and 11,477 being used to purchase irrigation system upgrades.



Evaluation of various materials and practices contributing toward economic crop
production under flexible, continuous and other cropping systems in Montana.
Montana Wheat and Barley Committee

July 1, 2008 to June 30, 2009

Grant Overview:

This is an annual, cooperative venture among the Research Centers located at Conrad, Havre,
Huntley, Kalispell, Moccasin, and Sidney. The main emphasis of this research is to investigate
the appropriateness of various materials and practices as components of cropping systems for
the particular environments represented by each Research Center. There is a strong
collaborative association with the small grain breeders located in Bozeman, and much effort is
direct at varietal evaluations.

Grant Accomplishments:

Uniform varietal trials were established at Kalispell, which consisted of evaluating experimental
lines of spring wheat, barley, and winter wheat in order to identify those cultivars best suited for
production in northwestern Montana. Additional efforts included evaluating winter wheat
cultivars for susceptibility to foliar disease, evaluating spring wheat cultivars for susceptibility to
foliar diseases, evaluating the fungicide Headline for disease control in winter wheat, evaluating
fungicides in spring wheat, and evaluating reduced herbicide rates for wild oat control in spring
wheat.

Grant Connections:
This is an annual, cooperative venture among the Research Centers located at Conrad, Havre,
Huntley, Kalispell, Moccasin, and Sidney.

Financial Overview:

Category 4\W?2205

Travel 1,600

Operations* | 16,400

*Operations include supplies, repair and maintenance, contract services and rent.

Financial Narrative: In 2008, a total of $18,000 was received, with $10,000 being used for
supplies and expenses, $6,000 for repairs and maintenance, $1,600 for in state travel, $300 for
contracted services, and $100 for communications.



Orange Wheat Blossom Midge Management
Montana Wheat and Barley Committee
July 1, 2007 to June 30 2008

Grant Overview:

The Flathead Valley experienced an unprecedented insect outbreak during the 2006 growing
season. This new pest, called the orange wheat blossom midge (OWBM), proved to be
devastating. Spring wheat fields that normally would have yielded 80 to 90 bushels per acre
instead produced less than 2 bushels! A conservative estimate puts the economic loss at over
1.5 million dollars in Flathead County. An integrated approach to managing this insect is
needed if the economic production of spring wheat is to be realized.

Grant Accomplishments:

An initial assessment of the life history of the midge was obtained by monitoring populations at
eight sites throughout the county. Not only are the populations extreme, but the developmental
rate of the insect appears to be abnormally early.

Early recognition is best achieved with emergence traps. Pheromone traps also provide for
early detection, and are species specific, but they tend to attract adults late into the growing
season. Sticky traps have the disadvantage of attracting a wide range of insect species.
Furthermore, they tend to lag behind in revealing the true presence of the adult midge
population.

A trapping survey was conducted in 2007 for OWBM in counties east of the continental divide.
No OWBM were captured in any of these traps located throughout the Triangle.

Thirty spring wheat entries were evaluated for resistance to the orange wheat blossom midge
(OWBM). Midge infestation levels and yield results indicate that CAP 19, NDSWO0608,
NDSWO0501, MT 0414, MT 0415, and Reeder may have some level of resistance.

A great deal of effort was spent trying to import the biocontrol agent Macroglenes penetrans
from North Dakota. A total of 50 wasps were eventually captured and released at NWARC.

Grant Connections: None.

Financial Overview:

Category 4W1667

Salary and 13,271
benefits

Travel 140

Operations* | 1,764

*Qperations include supplies, repair and maintenance, contract services and rent.

Financial Narrative: A total of $15,175 was received in 2007. Stougaard received $13,271.
$1,764 was spent in contracted services for determining protein content and falling numbers,
supplies by Stougaard, communications, and $140 was spent on in-state travel.



Orange Wheat Blossom Midge Management
Montana Wheat and Barley Committee
July 1, 2008 to June 30 2009

Grant Overview:

The Flathead Valley experienced an unprecedented insect outbreak during the 2006 growing
season. This new pest, called the orange wheat blossom midge (OWBM), proved to be
devastating. Spring wheat fields that normally would have yielded 80 to 90 bushels per acre
instead produced less than 2 bushels! A conservative estimate puts the economic loss at over
1.5 million dollars in Flathead County. An integrated approach to managing this insect is
needed if the economic production of spring wheat is to be realized.

Grant Accomplishments:

The developmental rate of the insect is abnormally early, with the major developmental stages
occurring about 10 days earlier than predicted by the Canadian degree day model. As such, the
potential exists for the insect to cause damage to winter wheat. Indeed, two producers
commented that they saw OWBM in their winter wheat during 2008.

Early recognition of OWBM adults is best achieved with emergence traps. However, the small
sampling area reduces their effectiveness. Sticky traps were very similar to emergence traps in
describing the pattern of emergence, but they have the disadvantage of collecting other non-
target insects. The pheromone traps only attract OWBM, but appeared to be late in predicting
the major emergence events. However, this was largely due to the fact that these traps
continued to attract large numbers of adults latter in the season than the other two methods. A
trapping survey was conducted in 2008 for OWBM in counties east of the continental divide. No
OWBM were captured in any of these traps located throughout the Triangle, but a potential
population of midge was identified in intermediate wheatgrass in the Paradise Valley.

Thirty spring wheat entries were evaluated for resistance to the orange wheat blossom midge
(OWBM). This year’s results have provided confirmation as to which materials demonstrate
resistance towards this pest. In particular, CAP19, NDSW0608, MT 0415, NDSW0501 and
Reeder have demonstrated resistance both growing seasons. A great deal of effort was spent
obtaining the biocontrol agent Macroglenes penetrans from North Dakota. Approximately 1000
wasps were captured and released. It's hoped that this breeding stock will foster a base
population and allow their numbers to increase.

Grant Connections: Continuation of work initiated in 2007.

Financial Overview:

Category 4W2219

Salary and 11,501
benefits

Operations* | 4,199

*Operations include supplies, repair and maintenance, contract services and rent.

Financial Narrative: In 2008 $15,700 was received. $11,501 was spent on salary and benefits
and $4,199 was spent on repairs/maintenance, communications, contracted services for
determining protein content and falling numbers, and supplies.



Grant Descriptions: J.M. Martin and P.L. Bruckner, Plant Sciences and Plant Pathology
Department

Evaluation of Winter Wheat Germplasm with Different Levels of Polyphenol Oxidase and
Grain Protein (W1141) and Impact of Polyphenol Oxidase Genes on Agronomic Quality
Traits in Winter Wheat (W2228)

Montana Wheat and Barley Committee

July 1, 2006 — June 30, 2007

July 1, 2008 — June 20, 2009

Grant Overview:

Historically Montana's hard red winter wheat has been used for bread and bread products. More
recently market conditions have changed so that a large proportion of our hard red winter wheat
is being used for noodles in Pacific Rim countries. Breeding efforts have shifted to include
noodle quality as well as bread quality as selection criteria for new varieties. Consumers prefer
a bright, creamy colored noodle that maintains its color with time. Polyphenol oxidase (PPO)
plays a major role in the time-dependent darkening of noodles and other wheat products. PPO
is the same enzyme that causes an apple or banana to turn brown when exposed to air. Low
PPO activity promotes a more stable color over time. Thus, low PPO content is considered
desirable for high quality noodles. As of 2006 a DNA marker for a major gene effecting PPO
was available. Winter wheat from Montana is valued in the market place for its high grain
protein. Grain protein adds value to wheat for the producer and is considered an important
predictor of bread quality. However, high protein flour gives darker noodles. That is, PPO and
grain protein influence noodle color. Wheat breeders would like to know the relative importance
of each of these factors in determining noodle color. The 2006-2007 proposal had these
objectives:

1. Evaluate selection groups that represent high and low protein and high and low polyphenol
oxidase for agronomic and bread and noodle quality.

2. Use known DNA markers to screen winter wheat varieties and segregating populations for
high and low polyphenol oxidase.

As of 2007 two major genes involved in controlling PPO activity, designated Ppo-Al and Ppo-
D1 had been identified. Plus, molecular markers were available to track each of these genes.
Molecular markers are desirable because they target variation at the DNA level and are not
subject to environmental variation. We made a segregating population of winter wheat where
the parents differed for the two major genes. We used the DNA markers to determine the
genotypes at the two major genes for each member of the population. Wheat breeding
programs would like to know the relative importance of each of the major PPO genes on noodle
color, and if they have any effect on agronomic and quality traits. The 2008-2009 proposal had
these objectives:

1. Determine the effects of two major genes controlling Polyphenol oxidase activity on
agronomic traits in a segregating winter wheat population.

2. Determine the effects of two major genes controlling Polyphenol oxidase activity on noodle
and bread quality in a segregating winter wheat population.



Grant Accomplishments:

For the 2006-2007 time period, we compared high and low PPO classes and high and low grain
protein classes in winter wheat populations. The high versus low PPO classes differed in PPO
activity by 0.40 units and the high versus low protein classes differed by 1.7% in grain protein.
The high protein class yielded 8.6 percent less that the low protein group. PPO classes had no
affect on agronomic traits. High protein class gave higher loaf volume, but PPO classes did not
affect bread quality. The high PPO class showed greater noodle color change than the low PPO
class. High protein gave darker noodles at both 0 and 24 h and greater color change with time.
The PPO class difference had the same effect on noodle color change as a 1.6% difference in
flour protein. PPO class did not affect noodle texture, but noodles were more firm with high
protein compared to low protein. PPO class and protein affects on noodle and bread traits were
independent of each other.

During the 2008-2009 time period, we evaluated a winter wheat population that was segregating
for two major genes controlling PPO activity. Neither Ppo-Al nor Ppo-D1 had any effect on
heading date. Both Ppo-Al and ppo-D1 did affect plant height. The low PPO form of each gene
was about 1.5 inches shorter than the high PPO form for each gene. The 2008 field experiment
was severely damaged by hail in July 2008. We did not obtain seed to measure flour milling and
noodle quality. We were able to measure PPO activity from seed from a single head from each
plot. Our results showed that Ppo-Al has a larger effect on PPO activity that Ppo-D1.

Grant Connections:

The one common thread between grants received from MWBC and MBRCT is that both have
objectives with a common goal of improving end use quality of wheat. Aside from that common
goal, the objectives are clearly different (see above). The Co-PI (P. Bruckner vs M. Giroux) and
the people that were paid by the two agencies were different as well.

Financial Summary

Category 4W1141 4W2228
(FYQO7) (FY 09)

Salary and 8,894 9,258

benefits

Operations* | 2,829

Travel 277

o Operations include supplies, repair and maintenance, contract services and rent.

Financial Narrative

Projects for both time periods were labor intensive. Therefore, most of budget is allocated to
salaries/benefits. This was spent for student labor to help with planting, field maintenance,
harvesting, and seed processing of large field experiments. Projects require milling and end use
quality performed in the Cereal Quality Laboratory. These projects are an “add-on” to the
regular work. Some salary/benefit was used for student labor to support these projects in the
Cereal Quality Laboratory. There have been several undergraduate students paid from this
project over the two time periods. Supplies portion was used for laboratory supplies for DNA
screening.



Improving Milling and End Use Quality of Montana Wheat
Montana Board of Research and Commercialization Technology
October 1, 2008-September 30, 2010. The investigators are J. M. martin and M. J. Giroux.

Grant Overview:

Montana has a world-wide reputation for producing high quality, hard wheat. A high quality
wheat should produce a high yield of flour that has high protein, desirable mixing and end use
properties. Montana wheat breeding programs have targeted these traits for improvement.
However, breeding programs can only choose from available variation, and for some important
traits variants that would improve milling and end use quality are not available. The goal is to
create useful new variation in genes that have large impacts upon milling and/or end use
quality. Two genes that have major impacts on the amount and quality of flour are the
Puroindolines, and Glutenins. The Puroindoline genes control most of the variation in grain
texture. The texture of wheat is arguably the most important characteristic determining milling
quality. Evidence is accumulating that there may be an optimum grain texture to maximize flour
yield. Glutenin genes produce proteins that are responsible for the strength, elasticity, and
mixing characteristics of flour dough. For both the Puroindoline and Glutenin genes, extensive
variety surveys have shown only limited genetic variation for these genes. New variants of the
Puroindoline genes have been created that have a range of function. The project seeks to
create new variants for Glutenin genes. These new variants will be evaluated to determine their
effect on dough properties. The goal is that the new variants for these genes will expand the
current genetic variation available for important milling, dough mixing and end use quality traits.
The useful new variants will then be incorporated into new spring and winter wheat varieties
with improved milling and end use quality for Montana growers. Specific objectives are:

1. Evaluate and characterize new alleles of both Puroindoline genes to improve milling end
product quality.

2. Create and identify new alleles for high molecular weight Glutenin (Glu-D1) locus to improve
dough mixing and bread quality.

Grant Accomplishments:

We have identified more that 50 new variants for the Puroindoline genes. These were crossed
back to the original parent to create segregating populations. The texture of the grain was
measured on the grain for the normal and variant classes for each population. Based on these
results these new variants vary in function. That is, the grain texture of these variants varies
from soft to very hard. Our belief is that these differences in grain texture will translate into a
wide variation in milling and end use quality characteristics. To date we have identified 68 new
Glutenin variants. These new variants have been crossed back to the original parent. These
segregating populations will be evaluated in the coming months.

Grant Connections:

The one common thread between grants received from MWBC and MBRCT is that both have
objectives with a common goal of improving end use quality of wheat. Aside from that common
goal, the objectives are clearly different (see above). The Co-PI (P. Bruckner vs M. Giroux) and
the people that were paid by the two agencies were different as well.



Financial Summary

Category 4W2241

Salary and | 28,112

benefits
Operations* | 9,824
Travel

Awards 1,588

o Operations include supplies, repair and maintenance, contract services and rent.
e Awards are graduate student tuition and fees.

Financial Narrative:

Initially an MS graduate student (Lindsay Elmore) was supported from this project. She left
school for personal reasons end of Fall semester 2008. Since then a Postdoctoral Research
Associate (Dr Jinrui Zhang) has been doing the work on this project, and she is now being
supported from this project. An undergraduate student (Valerie Riter) has been paid from the
project as well. The supplies portion has been used for laboratory supplies and DNA
sequencing.



REVIEW OF SELECTED RESEARCH GRANT PROJECTS & EXPENDITURES
Montana Wheat and Barley Committee (MWBC)
Montana Board of Research Commercialization Technology (MBRCT)
Gregg R. Carlson, Principal or Co-Principal Investigator

MWBC Research Grants:

Grant W0525 — Sustainable crop and pest management — augment continuance of existing crop rotation studies
in northern Hill County and field survey of historic cropping system plots at NARC-Havre. FY06. $10,000.

Grant Overview: To assist in the continuance and maintenance of sustainable crop and pest
management rotation studies in place in northern Hill County as former funding support came to a close
while potential future funding was sought to continue crop rotation investigations on the existing
database, and to survey soil health and crop pest effects of 90 years of continuous dryland cropping
versus fallow alternated cropping systems with winter wheat, spring wheat and corn at Havre.

Grant Accomplishments: This grant provided partial funding for NARC to conduct crop year 2005
landscape scale crop rotation studies on 50 acres in northern Hill County with reduced data collection
during the vacancy of the former project manager position in an attempt to hold such rotations in place
until potential new on-going funding could be secured and a replacement project manager hired.
Although the full set of 200 zero-till vs conventional-till rotation plots were established and maintained
representing the g™ year of this complex study, drought and heat stressed conditions resulted in little
useable crop performance data for crop year 2005. Attempts to secure new on-going full support for
these studies were also unsuccessful. Thus, agronomic procedures were carried out to finalize the study
and restore the leased site to an appropriate condition for return to the owner for conventional farming.
Two refereed journal manuscripts were published detailing results from the overall study. New
procedures were also implemented for better managing and monitoring the historic long-term continuous
vs alternate cropping plots on-station at Havre. Crop year 2009 marks the 94" year these unique plots
have been in place at Havre after having been established by USDA in 1916 as part of a larger project
that was formally terminated in the early 1950s. The original baseline soil samples from 1916 are still in
storage at NARC for future comparison with current soil health as are extensive baseline samples from
the former rotation study in northern Hill County initiated in 1998..

Grant Connections: The research studies conducted under this grant are not connected with studies
under any other current grants held by this principal investigator.

Financial Overview: Provided by MSU-OSP. $10,000 budgeted, $10,000 expended.

Financial Narrative: Expenditures are detailed by major category groupings below.

Seasonal hourly labor & benefits

Insurance (dedicated State vehicles & trailers)
Ag supplies (fertilizer and seed) 400.33
Lab supplies (wire flags, stakes, paint, stapler, cans) 337.37

$ 2,390.98
$
$
$
Gasoline & diesel fuel (tractors, plot equipment & trucks) $ 505.98
$
$
$
$
$

365.17

Herbicides & Rodenticides (pre-plant & post-emerge chemicals) 268.24
Minor Tools (battery load tester) 50.00
Minor Equipment (replacement roto-tiller for alley maintenance) 1,750.00
In-State travel (credit card station pump gasoline on-road off-station) 206.59
In-State taxable meals (support personnel on-road off-station plots) 102.64
Equipment Repairs (air drill, tractors, soil probe, ATVS) $ 3,622.70
TOTAL: $10,000.00




Grant W0537 — Evaluation of various materials and practices contributing toward economic crop production under
flexible, continuous and other cropping systems in Montana. FY06. $15,000.

Grant Overview: To evaluate the effects of differing systems on wheat and barley crop cultivar and
variety performance under diverse cropping environments on-station at NARC-Havre and off-station on
cooperating producer’s farms in four northern Montana counties (Blaine at Turner, Chouteau at Loma, Hill
at North Havre and Phillips at Loring), and to evaluate the fit of other materials, concepts and techniques
with various cropping systems employed.

Grant Accomplishments: This grant provided partial funding for conducting 9 crop year 2005 cultivar and
variety evaluation studies on-station at Havre (4 Winter Wheat, 2 Spring Wheat, 1 Durum and 2 Barley)
and 14 off-station studies (3 Winter Wheat, 4 Spring Wheat, 3 Durum, and 4 Barley) consisting of a total
of 2,190 research plots representing 784 cultivar or variety entries. Variety performance in all associated
wheat studies was also evaluated on the basis of gross production dollar value as influenced by yield,
protein and market. Two additional on-station studies further evaluated seed and fertilizer opener
configurations for optimizing seed and fertilizer placement in simultaneous, single-pass operations with air
drill technology under differing cropping systems. Current year and multi-year result summaries (up to the
most recent 10 years) were prepared and distributed to the sponsoring agency and the general public via
printed reports, printed mass media articles, producer seminars and on-line delivery through Internet
websites.

Grant Connections: The research studies conducted under this grant are not connected with studies
under any other current grants held by this principal investigator. Such partial funding for the above
studies was augmented with AES funding allocated to NARC.

Financial Overview: Provided by MSU-OSP. $15,000 budgeted, $15,000 expended.

Financial Narrative: Expenditures are detailed by major category groupings below.

Seasonal hourly labor & benefits $ 2,641.47
Insurance (dedicated State vehicles & trailers) $ 378.99
Off-campus services (soil analyses, scale maintenance & calibration) $ 2,058.48
University services (protein analyses) $ 332.00
Ag supplies (seed) $ 60.00
Lab supplies (paper bags, plot stake staples, barcode labels, batteries) $ 811.84
Report preparation (commercial printer services) $ 179.64
Report preparation (in-house printing, toner, cartridges, labels) $ 725.79
Gasoline & diesel fuel (tractors, plot equipment & trucks) $ 79231
Herbicides (pre-plant & post-emerge plot maintenance chemicals) $ 131.83
Minor software (agGPS) $ 403.20
Postage & shipping (sample shipments to labs) $ 160.97
In-State travel (credit card station pump gasoline on-road off-station) $ 207.00
In-State lodging (support personnel pesticide applicator certification) $ 353.04
Bed tax refund (support personnel lodging — deduct $13.20)

In-State meals (support personnel pesticide applicator certification) $ 138.00
In-State taxable meals (support personnel on-road off-station plots) $ 191.00
Equipment Repairs (combine, seeder, lab equipment, ATVS) $ 4,708.01
Vehicle Repairs (tires, brakes, bearings, springs — trucks/trailers) $ 679.63
Registrations (support personnel pesticide applicator certification) $ 60.00

TOTAL: $15,000.00



Grant W1152 — Evaluation of various materials and practices contributing toward economic crop production under
flexible, continuous and other cropping systems in Montana. FY07. $18,000.

Grant Overview: To evaluate the effects of differing systems on wheat and barley crop cultivar and
variety performance under diverse cropping environments on-station at NARC-Havre and off-station on
cooperating producer’s farms in four northern Montana counties (Blaine at Turner, Chouteau at Loma, Hill
at North Havre and Phillips at Loring), and to evaluate the fit of other materials, concepts and techniques
with various cropping systems employed.

Grant Accomplishments: This grant provided partial funding for conducting 9 crop year 2006 cultivar and
variety evaluation studies on-station at Havre (4 Winter Wheat, 2 Spring Wheat, 1 Durum and 2 Barley)
and 14 off-station studies (3 Winter Wheat, 4 Spring Wheat, 3 Durum, and 4 Barley) consisting of a total
of 2,220 research plots representing 794 cultivar or variety entries. Variety performance in all associated
wheat studies was also evaluated on the basis of gross production dollar value as influenced by yield,
protein and market. Two additional on-station studies further evaluated seed and fertilizer opener
configurations for optimizing seed and fertilizer placement in simultaneous, single-pass operations with air
drill technology under differing cropping systems. Current year and multi-year result summaries (up to the
most recent 10 years) were prepared and distributed to the sponsoring agency and the general public via
printed reports, printed mass media articles, producer seminars and on-line delivery through Internet
websites.

Grant Connections: The research studies conducted under this grant are not connected with studies
under any other current grants held by this principal investigator other than the fact that an additional
1,092 plots specifically for wheat stem sawfly research were established and maintained with MBRCT
funding (Grant W0925 described elsewhere in this report package) at two of NARC's off-station research
locations (North Havre and Loring) . Such partial funding for the above MWBC studies was augmented
with AES funding allocated to NARC.

Financial Overview: Provided by MSU-OSP. $18,000 budgeted, $17,961.14 expended.

Financial Narrative: Expenditures are detailed by major category groupings below.

Seasonal hourly labor & benefits $ 4,745.25
Insurance (dedicated State vehicles & trailers) $ 790.67
Off-campus services (soil analyses) $ 65.87
University services (protein analyses) $ 592.00
Ag supplies (seed and fertilizer) $ 797.83
Lab supplies (paper bags, plot labels, batteries, flags, paint, tags) $ 2,997.29
Minor tools (shop vacuum) $ 29.99
Report preparation (commercial printer services) $ 178.98
Office supplies (misc) $ 18.98
Gasoline & diesel fuel (tractors, plot equipment & trucks) $ 1,771.86
Herbicides (pre-plant & post-emerge plot maintenance chemicals) $ 1,926.02
Minor software (scanner upgrade) $ 79.95
Postage & shipping (sample shipments to labs) $ 129.51
In-State travel (credit card station pump gasoline on-road off-station) $ 583.10
In-State taxable meals (staff personnel on-road, off-station plot work) $ 397.00
Equipment repairs (combine, seeders, soil probe, tractors, sprayers) $ 896.59

Vehicle repairs (tires, ignition, mats, batteries — trucks/trailers) $ 1,960.25
TOTAL: $17,961.14




Grant W1670 — Evaluation of various materials and practices contributing toward economic crop production under
flexible, continuous and other cropping systems in Montana. FY08. $18,000.

Grant Overview: To evaluate the effects of differing systems on wheat and barley crop cultivar and
variety performance under diverse cropping environments on-station at NARC-Havre and off-station on
cooperating producer’s farms in four northern Montana counties (Blaine at Turner, Chouteau at Loma, Hill
at North Havre and Phillips at Loring), and to evaluate the fit of other materials, concepts and techniques
with various cropping systems employed.

Grant Accomplishments: This grant provided partial funding for conducting 9 crop year 2007 cultivar and
variety evaluation studies on-station at Havre (4 Winter Wheat, 2 Spring Wheat, 1 Durum and 2 Barley)
and 14 off-station studies (3 Winter Wheat, 4 Spring Wheat, 3 Durum, and 4 Barley) consisting of a total
of 2,142 research plots representing 768 cultivar or variety entries. Variety performance in all associated
wheat studies was also evaluated on the basis of gross production dollar value as influenced by yield,
protein and market. Two additional on-station studies further evaluated seed and fertilizer opener
configurations for optimizing seed and fertilizer placement in simultaneous, single-pass operations with air
drill technology under differing cropping systems. Current year and multi-year result summaries (up to the
most recent 10 years) were prepared and distributed to the sponsoring agency and the general public via
printed reports, printed mass media articles, producer seminars and on-line delivery through Internet
websites.

Grant Connections: The research studies conducted under this grant are not connected with studies
under any other current grants held by this principal investigator other than the fact that an additional
1,108 plots specifically for wheat stem sawfly research were established and maintained with MBRCT
funding (Grant W0925 described elsewhere in this report package) at two of NARC's off-station research
locations (North Havre and Loring) . Such partial funding for the above MWBC studies was augmented
with AES funding allocated to NARC.

Financial Overview: Provided by MSU-OSP. $18,000 budgeted, $18,000 expended.

Financial Narrative: Expenditures are detailed by major category groupings below.

Seasonal hourly labor & benefits $ 5,060.00
Insurance (dedicated State vehicles & trailers) $ 655.92
Off-campus services (soil analyses) $ 535.22
Lab supplies (paper bags, shop vacuum filters) $ 182.33
Minor tools (hand gun for field sprayer) $ 84.05
Gasoline & diesel fuel (tractors, plot equipment & trucks) $ 549.76
Herbicides (pre-plant & post-emerge plot maintenance chemicals) $ 78.23
Postage & shipping (report shipments) $ 11.02
In-State travel (credit card station pump gasoline on-road off-station) $ 717.28
In-State taxable meals (staff personnel on-road, off-station plot work) $ 228.00

Equipment repairs (combine, soil probe, seed cleaner, sprayers) $ 5,677.73
Vehicle repairs (tires, clutch, diesel pump, ramp repl. — trucks/trailers)  $ 4,220.46
TOTAL: $18,000.00




Grant W2207 — Evaluation of various materials and practices contributing toward economic crop production under
flexible, continuous and other cropping systems in Montana. FY09. $18,000.

Grant Overview: To evaluate the effects of differing systems on wheat and barley crop cultivar and
variety performance under diverse cropping environments on-station at NARC-Havre and off-station on
cooperating producer’s farms in four northern Montana counties (Blaine at Turner, Chouteau at Loma, Hill
at North Havre and Phillips at Loring), and to evaluate the fit of other materials, concepts and techniques
with various cropping systems employed.

Grant Accomplishments: This grant provided partial funding for conducting 9 crop year 2008 cultivar and
variety evaluation studies on-station at Havre (4 Winter Wheat, 2 Spring Wheat, 1 Durum and 2 Barley)
and 14 off-station studies (3 Winter Wheat, 4 Spring Wheat, 3 Durum, and 4 Barley) consisting of a total
of 2,229 research plots representing 797 cultivar or variety entries. Variety performance in all associated
wheat studies was also evaluated on the basis of gross production dollar value as influenced by yield,
protein and market. Two additional on-station studies further evaluated seed and fertilizer opener
configurations for optimizing seed and fertilizer placement in simultaneous, single-pass operations with air
drill technology under differing cropping systems. Current year and multi-year result summaries (up to the
most recent 10 years) were prepared and distributed to the sponsoring agency and the general public via
printed reports, printed mass media articles, producer seminars and on-line delivery through Internet
websites.

Grant Connections: The research studies conducted under this grant are not connected with studies
under any other current grants held by this principal investigator. Such partial funding for the above
studies was augmented with AES funding allocated to NARC.

Financial Overview: Provided by MSU-OSP. $18,000 budgeted, $17,998.13 expended.

Financial Narrative: Expenditures are detailed by major category groupings below.

Seasonal hourly labor & benefits (GL Boze. entries) $ 13.87
Insurance (dedicated State vehicles & trailers) $ 650.08
Off-campus services (soil analyses, GAK & scale maint & calibration) $ 848.64
University services (protein analyses) $ 269.00
Lab supplies (paper bags, plot stake paint) $ 953.89
Report preparation (commercial printer services) $ 198.00
Gasoline & diesel fuel (tractors, plot equipment & trucks) $ 390.62
Herbicides (pre-plant & post-emerge plot maintenance chemicals) $ 518.33
Minor equipment (GAK grain analyzer printer) $ 196.03
In-State taxable meals (support personnel on-road off-station plots) $ 396.29

Equipment Repairs (combine, thresher, lab equipment, sprayers, ATVs) $12,744.54*
Vehicle Repairs (starter, tires, heater core — trucks/trailers) $ 818.84
TOTAL: $17,998.13

*Includes major repairs ($12,130.40) required for Wintersteiger plot combine



MBRCT Research Grant:

Grant W0925 — A new weapon for sawfly damage in Montana wheat fields. FY07 & FY08. $30,000.

Grant Overview: To cooperate with leading principal investigators as a part of Grant W0973 evaluating
the effects of new weapons for wheat stem sawfly management in wheat grown under cropping
environments having shown substantial sawfly pressure off-station on cooperating producer’s farms in
two northern Montana counties (Hill at North Havre and Phillips at Loring).

Grant Accomplishments: This grant provided funding for field layout, establishment, in-season
maintenance and resulting performance data processing for 6 crop year 2006 and 8 crop year 2007
studies at North Havre and Loring involving hill plot and single-row plot configurations featuring 100
experimental crosses of ‘Conan’ and ‘Reeder’ spring wheat. Site climatic and crop management data,
field performance data and post-harvest sample data from 1,092 plots was collected, processed and
reported to the leading principal investigators as a part of Grant W0973 for subsequent final reporting of
overall study results.

Grant Connections: The research studies conducted under this grant are not connected with studies
under any other current grants held by this principal investigator other than the fact that an additional 452
plots (crop year 2006) and 422 plots (crop year 2007) unrelated to the wheat stem sawfly studies under
Grants W0925 and W0973 were established and maintained for separate cultivar/variety evaluation
purposes with partial MWBC funding (Grants W1152 and W1670 in FYO7 and FYO08, respectively;
described elsewhere in this report package) at the same two off-station cooperating producer locations at
North Havre and Loring..

Financial Overview: Provided by MSU-OSP. $30,000 budgeted, $29,857.38 expended.

Financial Narrative: Expenditures are detailed below.

Partial salary & benefits, NARC Research Assistant | (over 2 FYs) $29,857.38
TOTAL: $29,857.38




GRANT: W0841

AGENCY: MBRCT
PI: Philip L. Bruckner
DATE: 01-Jan-06 to 31-Dec-07

PROJECT TITLE: Accelerated development of two-gene-imidazolinone-tolerant
wheat varieties for Montana

GRANT OVERVIEW:

This grant provided two years of funding to support a winter wheat laboratory marker
assisted selection program to backcross a second imidazolinone resistance gene into
wheat cultivars adapted to Montana. The backcross procedure was necessary since the
source of the desired gene was spring wheat instead of winter wheat. The second
herbicide tolerance gene increased wheat tolerance to imidazolinone herbicides and
lessened the chance of crop injury from the herbicide.

GRANT ACCOMPLISHMENTS:

Excellent progress was made toward development of 2 gene-imidazolinone tolerant
winter wheat cultivars. The backcross program successfully transferred a second
herbicide tolerance gene from CDC Teal 11A spring wheat into winter wheat. We
generated 31 BC6F1 winter wheat populations (>98% of recurrent parent background)
representing five diverse breeding targets in the greenhouse and have initiated selection
procedures to identify herbicide tolerant lines carrying two resistance genes. Genetic
materials resulting from this grant were transferred to the applied breeding program for
selection, testing, and cultivar development.

GRANT CONNECTIONS:

This grant was unique to the winter wheat breeding program, since it provided support to
hire a laboratory research professional skilled in DNA extraction and PCR screening. The
grant complemented the applied field selection program in that the overall goal of the
research was to develop improved winter wheat cultivars for Montana producers.
However, this technology is proprietary and this grant involved laboratory research in the
early phases rather than field research.

FINANCIAL OVERVIEW:

Salaries 54,915.92
Benefits 21,820.49
Supplies 1,512.59
Rent 1,751
Total: 80,000

FINANCIAL NARRATIVE:

Total budgetary expenditure over this two budget period was $80,000. Almost all of the
expenditure was salary and benefits ($71,748) for our laboratory Research Associate,
Petrea Hofer who conducted this research. One month salary allocation over the two year
period ($4,988) was to Jim Berg, a research associate on the winter wheat program, who
assisted with the greenhouse and crossing program. Additional expenditures were made




for space rental in the Plant Growth Center to grow and cross plants ($1,751) and
laboratory expendable supplies ($1,513).

GRANT: W0544

AGENCY: MWBC

Pl: Philip L. Bruckner
DATE: 01-July-05 to 30-June-06

PROJECT TITLE: Winter wheat breeding/genetics

GRANT OVERVIEW:

This grant provided one year of funding to support the Montana Agricultural Experiment
Station winter wheat cultivar development program. This is an applied research and
development program involving field, laboratory, and greenhouse research. Objectives
are: 1) Develop improved cultivars of winter wheat adapted to Montana climatic
conditions and cropping systems, which possess superior on-farm production
characteristics (grain yield, winter hardiness, adequate and durable pest resistance, stress
tolerance, agronomic characteristics) and superior end-use quality characteristics, 2)
Isolate, as much as possible, our foreign wheat customers from variations in wheat
quality performance by development and release of suitable cultivars and production
research to develop strategies to maximize quality consistency for wheat produced in
Montana, 3) Investigate environmental, genetic, and management factors which influence
wheat productivity and end-use in Montana including 2006 project: Feasibility of
combining low polyphenol oxidase and high grain protein in wheat; and field verification
of molecular markers for backcross transfer of stem solidness into elite lines, and 4)
Coordinate Montana statewide winter wheat variety testing program and provide long-
term performance data necessary for cultivar release decisions, variety recommendations,
and producer management decisions. Successful research will result in the development
and release of an improved winter wheat cultivar to the wheat producers of Montana.

GRANT ACCOMPLISHMENTS:

Through this grant support, promising winter wheat lines are identified, selected, and
evaluated for yield, agronomic characteristics, pest resistance, adaptation, and end use
qualities in comparative, multi-location field trials. Progress has been made in winter
wheat cultivar development. Yellowstone and three improved Clearfield winter wheat
cultivars were released in 2005. Yellowstone represents the highest yielding winter wheat
line ever developed at MSU and no cultivars were released in 2006 because none showed
better performance than Yellowstone. Several promising experimental lines are emerging
from the testing program and are being increased and considered for variety release.

GRANT CONNECTIONS:

This is one of a connected pair of annual MWBC grants that have supported the MAES
winter wheat breeding program over the past decade. Funding to the MAES Research
Centers is also complementary to these grants, supporting variety testing efforts.

FINANCIAL OVERVIEW:
Salaries 45,698.28
Benefits 14,144.80




Rep Maint 714

Travel 1,713.46
Communication 327.91
Contract Serv 2,228
Supplies 2,744.42
Rent 2,429.13
Total: 70,000

FINANCIAL NARRATIVE:

This grant supplied approximately 64% of the $110,000 expended in FY 2006 for the
applied winter wheat breeding program. The bulk of expenditure was salary and benefits
for research associate Jim Berg ($54,567) and student and work study workers ($5,276).
Repair and maintenance was $714 for a Wintersteiger combine service agreement. In-
state travel expenditures were $1,713. Communication expenses were for postage and
seed freight ($328). Contracted services were $2,135 for Post farm user fees and $93 for
soil sample laboratory testing. Expendible supplies accounted for $2744. Rent was
$2,429 for Plant Growth Center space fees.

GRANT: W1132

AGENCY: MWBC

PI: Philip L. Bruckner

DATE: 01-July-06 to 30-June-07

PROJECT TITLE: Enhanced field selection for wheat stem sawfly resistance in
wheat

GRANT OVERVIEW:

This grant provided one year of funding to position and support a winter wheat selection
nursery in north Hill County, MT where wheat stem sawfly is a severe wheat production
pest. The purpose of this nursery is to identify wheat germplasm resistant to wheat stem
sawfly and ultimately released improved winter wheat cultivars that are resistant to this
insect pest. Specific objectives are: 1) Subject early-generation segregating winter wheat
bulk populations and derived lines to heavy selection pressure for wheat stem sawfly
(WSS) resistance and select plant phenotypes resistant to WSS infestation and cutting
damage, 2) Evaluate spring and winter wheat cultivars and advanced lines for resistance
to infestation and cutting damage by WSS and for yield performance under heavy
infestation by WSS, 3) Systematically evaluate selected germplasm for enhanced stem
solidness and alternative sources of WSS resistance, and 4) Provide field sites,
representative of sawfly-infested production regions, for research and demonstration to
producers of effective sawfly management strategies including use of resistant cultivars.

GRANT ACCOMPLISHMENTS:

Progress has been made in winter wheat cultivar development over the past decade.
Genou hard red winter wheat was released in 2004 and has increased in acreage to the
point where Genou is the leading winter wheat cultivar planted in Montana. Genou
represents significant genetic improvement in yield potential and cold tolerance relative
to Rampart. Cultivar development is a long-term project. Success occurs when we are
able to release an improved solid-stem cultivar to Montana wheat producers every 4 to 5
years. The ability to select for our primary breeding objective in environments where




reasonable selection pressure for sawfly normally occurs has strengthened the Montana
winter wheat cultivar development programs.

GRANT CONNECTIONS:

This is one of a connected pair of annual MWBC grants that have supported the MAES
winter wheat breeding program over the past decade. The two grants, Winter wheat
breeding/genetics and Enhanced field selection for wheat stem sawfly resistance in wheat
are closely related, overlapping, and complementary. Funding from the former grant
provides financial support for the applied winter wheat cultivar development program,
while the latter grant specifically supports development of solid-stem cultivars, but
positions a selection nursery in a production area characterized by high levels of wheat
stem sawfly infestation. Funding to the MAES Research Centers is also complementary
to these grants, supporting variety testing efforts.

FINANCIAL OVERVIEW:

Salaries 5,486.71
Benefits 514.56
Rep Maint 1,754.93
Travel 694.64
Communication 13.66
Contract Serv 2,355.50
Supplies 2,937.87
Rent 242.13
Total: 14,000

FINANCIAL NARRATIVE:

This grant supplied approximately 11% of the $128,000 expended in FY 2007 for the
applied winter wheat breeding program. Wages and benefits of $6,001 were paid to
project student and work study personnel. Repair and maintenance of Wintersteiger plot
combine was $1,755. Project travel was $695 plus $1,137 for bulk gasoline usage
(allocated here in supplies category). Additional expendable supplies were $1,801.
Contracted services were $2,075 for Post Farm user fees and $281 print services for
annual reports. Based on available information | could not tell specifically what the
communication and rent expenditures covered.

GRANT: W1133

AGENCY: MWBC

Pl: Philip L. Bruckner
DATE: 01-July-06 to 30-June-07

PROJECT TITLE: Winter wheat breeding/genetics

GRANT OVERVIEW.:

This grant provided one year of funding to support the Montana Agricultural Experiment
Station winter wheat cultivar development program. This is an applied research and
development program involving field, laboratory, and greenhouse research. Objectives
are 1) Develop improved cultivars of winter wheat adapted to Montana climatic
conditions and cropping systems, which possess superior on-farm production
characteristics (grain yield, winter hardiness, adequate and durable pest resistance, stress




tolerance, agronomic characteristics) and superior end-use quality characteristics, 2)
Isolate, as much as possible, our foreign wheat customers from variations in wheat
quality performance by development and release of suitable cultivars and production
research to develop strategies to maximize quality consistency for wheat produced in
Montana, 3) Investigate environmental, genetic, and management factors which influence
wheat productivity and end-use in Montana, and 4) Coordinate Montana statewide winter
wheat variety testing program and provide long-term performance data necessary for
cultivar release decisions, variety recommendations, and producer management
decisions. Successful research will result in the development and release of an improved
winter wheat cultivar to the wheat producers of Montana.

GRANT ACCOMPLISHMENTS:

Through this grant support, promising winter wheat lines are identified, selected, and
evaluated for yield, agronomic characteristics, pest resistance, adaptation, and end use
qualities in comparative, multi-location field trials. Progress has been made in winter
wheat cultivar development. Yellowstone and three improved Clearfield winter wheat
cultivars were released in 2005. Yellowstone represents the highest yielding winter wheat
line ever developed at MSU and no cultivars have been released from 2006 to 2007
because none show better performance than Yellowstone. Several promising
experimental lines are emerging from the testing program and are being increased and
considered for variety release.

GRANT CONNECTIONS:

This is one of a connected pair of annual MWBC grants that have supported the MAES
winter wheat breeding program over the past decade. The two grants, Winter wheat
breeding/genetics and Enhanced field selection for wheat stem sawfly resistance in wheat
are closely related, overlapping, and complementary. Funding from the former grant
provides financial support for the applied winter wheat cultivar development program
while the latter grant specifically supports development of solid-stem cultivars but
positioning a selection nursery in a production area characterized by high levels of wheat
stem sawfly infestation. Funding to the MAES Research Centers is also complementary
to these grants, supporting variety testing efforts.

FINANCIAL OVERVIEW:

Salaries 49,137.78
Benefits 16,320.63
Rep Maint 36.00
Travel 665.29
Supplies 2,875.02
Rent 965.28
Total: 70,000

FINANCIAL NARRATIVE:

This grant supplied approximately 55% of the $128,000 expended in FY 2007 for the
applied winter wheat breeding program. Salary and benefits for the research associate and
student labor totaled $65,458. Repair and maintenance was for a project vehicle oil
change. Project travel expenditures were $665. Expendable supplies (bags, envelopes,
twine, herbicides) were $2,875. Rent was $965 for Plant Growth Center space fees.




GRANT: W1654

AGENCY: MWBC

Pl: Philip L. Bruckner

DATE: 01-July-07 to 30-June-08

PROJECT TITLE: Enhanced field selection for wheat stem sawfly resistance in
wheat

GRANT OVERVIEW:

This grant provided one year of funding to position and support a winter wheat selection
nursery in north Hill County, MT where wheat stem sawfly is a severe wheat production
pest. The purpose of this nursery is to identify wheat germplasm resistant to wheat stem
sawfly and ultimately released improved winter wheat cultivars that are resistant to this
insect pest. Specific objectives are: 1) Subject early-generation segregating winter wheat
bulk populations and derived lines to heavy selection pressure for wheat stem sawfly
(WSS) resistance and select plant phenotypes resistant to WSS infestation and cutting
damage, 2) Evaluate spring and winter wheat cultivars and advanced lines for resistance
to infestation and cutting damage by WSS and for yield performance under heavy
infestation by WSS, 3) Systematically evaluate selected germplasm for enhanced stem
solidness and alternative sources of WSS resistance, and 4) Provide field sites,
representative of sawfly-infested production regions, for research and demonstration to
producers of effective sawfly management strategies including use of resistant cultivars.

GRANT ACCOMPLISHMENTS:

A 3 acre sawfly selection nursery was established in Hill County on the Peterson farm
north of Havre in the fall of 2007 (winter wheat) and spring of 2008 (spring wheat and
barley). Wheat stem sawfly infestation and cutting was heavy in 2008, particularly in
winter wheat. Cutting by WSS averaged 40% in the winter wheat off-station trial
(13% Ledger to 73% Promontory). Smaller sawfly nurseries which produced useful
data were planted at Bozeman, Conrad, and Havre. At north Havre, we had high levels of
sawfly infestation and cutting which made phenotypic selection for tolerance to sawfly
quite effective in that tolerant genotypes were visually distinguishable from susceptible
genotypes. Lines also were cut by wheat stem sawfly at Havre and usable resistance
ratings were obtained. Progress has been made in winter wheat cultivar development over
the past decade. Genou hard red winter wheat was released in 2004 and has increased in
acreage to the point where Genou is the leading winter wheat cultivar planted in
Montana. Genou represents significant genetic improvement in yield potential and cold
tolerance relative to Rampart. Two promising solid stem experimental lines have been
identified that appear to offer additional yield potential in a sawfly-tolerant background.
Cultivar development is a long-term project. Success occurs when we are able to release
an improved solid-stem cultivar to Montana wheat producers every 4 to 5 years. The
ability to select for our primary breeding objective in environments where reasonable
selection pressure for sawfly normally occurs has strengthened the Montana winter wheat
cultivar development programs.

GRANT CONNECTIONS:




This is one of a connected pair of annual MWBC grants that have supported the MAES
winter wheat breeding program over the past decade. The two grants, Winter wheat
breeding/genetics and Enhanced field selection for wheat stem sawfly resistance in wheat
are closely related, overlapping, and complementary. Funding from the former grant
provides financial support for the applied winter wheat cultivar development program,
while the latter grant specifically supports development of solid-stem cultivars, but
positions a selection nursery in a production area characterized by high levels of wheat
stem sawfly infestation. Funding to the MAES Research Centers is also complementary
to these grants, supporting variety testing efforts.

FINANCIAL OVERVIEW:

Salaries 2,198.70
Benefits 139.47
Rep Maint 96.00
Travel 1,149.00
Communication 26.87
Contract Serv 8,075.10
Supplies 2,189.02
Rent 1,125.84
Total: 15,000

FINANCIAL NARRATIVE:

This grant supplied approximately 11% of the $134,000 expended in FY 2008 for the
applied winter wheat breeding program. Expenditures were $2,338 for wages and
benefits of student labor, $96 for servicing of electronic scales, $1,149 for project travel,
$27 for postage, $8,000 contracted services to NARC to establish and maintain sawfly
selection sites at Havre and North Havre, expendable supplies of $2,189, rent payments
of $500 to Mark Peterson for land rental of sawfly nursery site and $626 to the Plant
Growth Center for space fees.

GRANT: W1655

AGENCY: MWBC

Pl: Philip L. Bruckner
DATE: 01-July-07 to 30-June-08

PROJECT TITLE: Winter wheat breeding/genetics

GRANT OVERVIEW:

This grant provided one year of funding to support the MAES winter wheat cultivar
development program. This is an applied research and development program involving
field, laboratory, and greenhouse research. Objectives are: 1) Develop improved cultivars
of winter wheat adapted to Montana climatic conditions and cropping systems, which
possess superior on-farm production characteristics (grain yield, winter hardiness,
adequate and durable pest resistance, stress tolerance, agronomic characteristics) and
superior end-use quality characteristics, 2) Isolate, as much as possible, our foreign wheat
customers from variations in wheat quality performance by development and release of
suitable cultivars and production research to develop strategies to maximize quality
consistency for wheat produced in Montana, 3) Investigate environmental, genetic, and
management factors which influence wheat productivity and end-use in Montana




including 2008 projects: Feasibility of combining low polyphenol oxidase (PPO) and
high grain protein in wheat; and field verification of molecular markers for backcross
transfer of stem solidness into elite lines, and 4) Coordinate Montana statewide winter
wheat variety testing program and provide long-term performance data necessary for
cultivar release decisions, variety recommendations, and producer management
decisions. Successful research will result in the development and release of an improved
winter wheat cultivar to the wheat producers of Montana.

GRANT ACCOMPLISHMENTS:

Through this grant support, promising winter wheat lines are identified, selected, and
evaluated for yield, agronomic characteristics, pest resistance, adaptation, and end use
qualities in comparative, multi-location field trials. Progress has been made in winter
wheat cultivar development. Yellowstone and three improved Clearfield winter wheat
cultivars were released in 2005. Yellowstone represents the highest yielding winter wheat
line ever developed at MSU and no cultivars have been released from 2006 to 2008
because none showed better performance than Yellowstone. Advanced line MT0552 is
being considered for potential release. Several promising experimental lines are emerging
from the testing program and are being increased and considered for variety release.

GRANT CONNECTIONS:

This is one of a connected pair of annual MWBC grants that have supported the MAES
winter wheat breeding program over the past decade. The two grants, Winter wheat
breeding/genetics and Enhanced field selection for wheat stem sawfly resistance in wheat
are closely related, overlapping, and complementary. Funding from the former grant
provides financial support for the applied winter wheat cultivar development program,
while the latter grant specifically supports development of solid-stem cultivars, but
positions a selection nursery in a production area characterized by high levels of wheat
stem sawfly infestation. Funding to the MAES Research Centers is also complementary
to these grants, supporting variety testing efforts.

FINANCIAL OVERVIEW:

Salaries 48,797.05
Benefits 17,113.11
Rep Maint 66.79
Travel 1,899.23
Communication 692.24
Contract Serv 405.96
Supplies 1,025.62
Total: 70,000.00

FINANCIAL NARRATIVE:

This grant supplied approximately 52% of the $134,000 expended in FY 2008 for the
applied winter wheat breeding program. Salary, wages, and benefits were $61,746 for the
research associate and $4,164 for student labor. Additional expenditures were $67 for
auto parts, $1,899 for project travel, $692 for seed freight, $406 for photographic service
and printing of reports, $604 for expendable project supplies and $345 for professional
fees and meeting registration (included in supply category above).




GRANT: W2224

AGENCY: MWBC

PI: Philip L. Bruckner

DATE: 01-July-08 to 30-June-09

PROJECT TITLE: Enhanced field selection for wheat stem sawfly resistance in
wheat

GRANT OVERVIEW:

This grant provided one year of funding to position and support a winter wheat selection
nursery in north Hill County, MT where wheat stem sawfly is a severe wheat production
pest. The purpose of this nursery is to identify wheat germplasm resistant to wheat stem
sawfly and ultimately released improved winter wheat cultivars that are resistant to this
insect pest. Specific objectives are: 1) Subject early-generation segregating winter wheat
bulk populations and derived lines to heavy selection pressure for wheat stem sawfly
(WSS) resistance and select plant phenotypes resistant to WSS infestation and cutting
damage, 2) Evaluate spring and winter wheat cultivars and advanced lines for resistance
to infestation and cutting damage by WSS and for yield performance under heavy
infestation by WSS, 3) Systematically evaluate selected germplasm for enhanced stem
solidness and alternative sources of WSS resistance, and 4) Provide field sites,
representative of sawfly-infested production regions, for research and demonstration to
producers of effective sawfly management strategies including use of resistant cultivars.

GRANT ACCOMPLISHMENTS:

This grant is on-going through the current crop year and not yet completed. Preliminary
observation indicates winter wheat survival was poor at the north Havre site and a
decision will be made in the near future whether to continue research at that site in the
current year. Progress has been made in winter wheat cultivar development over the past
decade. Genou hard red winter wheat was released in 2004 and has increased in acreage
to the point where Genou is the leading winter wheat cultivar planted in Montana. Genou
represents significant genetic improvement in yield potential and cold tolerance relative
to Rampart. Cultivar development is a long-term project. Success occurs when we are
able to release an improved solid-stem cultivar to Montana wheat producers every 4 to 5
years. The ability to select for our primary breeding objective in environments where
reasonable selection pressure for sawfly normally occurs has strengthened the Montana
winter wheat cultivar development programs.

GRANT CONNECTIONS:

This is one of a connected pair of annual MWBC grants that have supported the MAES
winter wheat breeding program over the past decade. The two grants, Winter wheat
breeding/genetics and Enhanced field selection for wheat stem sawfly resistance in wheat
are closely related, overlapping, and complementary. Funding from the former grant
provides financial support for the applied winter wheat cultivar development program,
while the latter grant specifically supports development of solid-stem cultivars, but
positions a selection nursery in a production area characterized by high levels of wheat
stem sawfly infestation. Funding to the MAES Research Centers is also complementary
to these grants, supporting variety testing efforts.




FINANCIAL OVERVIEW:

Salaries 3,806.11
Benefits 333.63
Rep Maint 1,751.21
Travel 2,432.81
Contract Serv 239.50
Supplies 659.29
Rent 5,020.44
Total: 14,242.99

FINANCIAL NARRATIVE:

This grant supplied approximately 12% of the $128,000 expended in FY 2009 for the
applied winter wheat breeding program. Expenditures to date include student labor wages
and benefits of $4,140, repair and maintenance charges of $1,605 for plot combine repair,
$147 for oil changes and misc. repairs, $2,433 for in-state project travel and fuel, $240
for travel documents and laboratory scale calibration, $659 for expendable supplies (bags
and flags), and rental fees of $790 for Plant Growth Center space fees and $4,230 for Post
Farm space fees.

GRANT: w2213

AGENCY: MWBC

Pl: Philip L. Bruckner
DATE: 01-July-08 to 30-June-09

PROJECT TITLE: Winter wheat breeding/genetics

GRANT OVERVIEW:

This grant provided one year of funding to support the MAES winter wheat cultivar
development program. This is an applied research and development program involving
field, laboratory, and greenhouse research. Objectives are: 1) Develop improved cultivars
of winter wheat adapted to Montana climatic conditions and cropping systems, which
possess superior on-farm production characteristics (grain yield, winter hardiness,
adequate and durable pest resistance, stress tolerance, agronomic characteristics) and
superior end-use quality characteristics, 2) Isolate, as much as possible, our foreign wheat
customers from variations in wheat quality performance by development and release of
suitable cultivars and production research to develop strategies to maximize quality
consistency for wheat produced in Montana, 3) Investigate environmental, genetic, and
management factors which influence wheat productivity and end-use in Montana
including 2009 project: Field evaluation of germplasm selected by molecular markers of
high amylose starch and low polyphenol oxidase, and 4) Coordinate Montana statewide
winter wheat variety testing program and provide long-term performance data necessary
for cultivar release decisions, variety recommendations, and producer management
decisions. Successful research will result in the development and release of an improved
winter wheat cultivar to the wheat producers of Montana.

GRANT ACCOMPLISHMENTS:
This grant is on-going through the current crop year and not yet completed. Through this
grant support, promising winter wheat lines are identified, selected, and evaluated for




yield, agronomic characteristics, pest resistance, adaptation, and end use qualities in
comparative, multi-location field trials. Progress has been made in winter wheat cultivar
development. Yellowstone and three improved Clearfield winter wheat cultivars were
released in 2005. Yellowstone represents the highest yielding winter wheat line ever
developed at MSU and no cultivars have been released from 2006 to 2008 because none
show better performance than Yellowstone. Advanced line MT0552 is being considered
for potential release. Several promising experimental lines are emerging from the testing
program and are being increased and considered for variety release.

GRANT CONNECTIONS:

This is one of a connected pair of annual MWBC grants that have supported the MAES
winter wheat breeding program over the past decade. The two grants, Winter wheat
breeding/genetics and Enhanced field selection for wheat stem sawfly resistance in wheat
are closely related, overlapping, and complementary. Funding from the former grant
provides financial support for the applied winter wheat cultivar development program,
while the latter grant specifically supports development of solid-stem cultivars, but
positioning a selection nursery in a production area characterized by high levels of wheat
stem sawfly infestation. Funding to the MAES Research Centers is also complementary
to these grants, supporting variety testing efforts.

FINANCIAL OVERVIEW:

Salaries 50,084.81
Benefits 17,611.62
Rep Maint 179.70
Travel 707.26
Contract Serv 318.00
Supplies 577.58
Rent 799.13
Total: 70,278.10

FINANCIAL NARRATIVE:

This grant supplied approximately 55% of the $128,000 expended in FY 2009 for the
applied winter wheat breeding program. Expenditures this fiscal year to date (includes
encumbered salary and benefits) include $67,696 for research associate salary and
benefits, $180 for project vehicle repair, $707 for in-state project travel, $318 for MSU
parking stickers, $577 for expendable supplies (stakes), and $799 for Plant Growth
Center space fees.




